The effects of inhaling sepiolite in man are unknown. This paper reports a cross sectional study of the total work force of the largest sepiolite production plant in the world, which has been in operation for over 30 years. Our aim was to look for evidence of accelerated decline in lung function and radiological abnormality with prolonged inhalation of sepiolite.
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Methods

THE PLANT
The plant we studied is situated in the outskirts of Madrid and owned by Tolsa SA. Workers in this plant handle sepiolite exclusively. The mineral is obtained from an open cast mine, stockpiled, and when required transferred by mechanical shovel to a primary crusher and then on to a conveyor belt for grinding, heat treatment, and size classification. The material is then bagged and distributed. Exposure to the dust may occur in the classifier shed, the storage and transport loading area, the loading point of the primary crusher, and the bagging department. In its natural state sepiolite contains about 42% moisture, and mine workers are thus exposed to very little respirable dust. After natural and artificial drying the commercial product contains about 12% moisture.
SUBJECTS
We studied the total current work force of 218 (210 men and eight women) Their occupations are shown in into those exposed to the dried sepiolite dust and those who either had not been exposed or had been exposed only to the moisture laden rock. Packaging, maintenance, and other plant workers were considered to have been exposed mainly to dry dust (group PMO, n = 136). Office, laboratory, and mine workers formed the other group (OLM, n = 72). decline with age in group OLM. Similar analyses of the radiographic score (table 5) show a general deterioration with age but no clear differences between exposure or smoking groups. The gravimetric concentration of respirable dust and the number concentrations of the particles and of the fibres making up the total dust cloud are tabulated in table 6. High concentrations, exceeding the UK threshold limit value for nuisance dusts, were found in the bagging department and also in the classifier shed. Elongated particles, however, constituted a relatively small proportion of the total dust. Operatives do not work continuously in the classifier shed and respirators are usually worn, but the bag filling operatives are exposed continuously. Because of his lower output the operative filling bags in the special products department has a significantly lower exposure. At the primary crusher the short term sample of total dust obtained indicated the maximum concentration to which the operator was exposed during the hopper loading period; his average daily exposure would be much lower. The sample obtained in the Electron micrograph of a commercial sample of sepiolite. transport area was again a sample representing a short period, indicating the concentration of dust in the air on a day when there was little or no wind. Fibres-that is, particles having length: diameter ratios equal to or greater than 3-formed a proportion of the dust, but most were shorter than 7 ,um. The longer fibres were elongated aggregates of interdigitated short fibres. Table 7 shows the size distribution of airborne fibres from Madrid sepiolite.
The experiment to assess the possibility of release of fibres under wet and dispersive conditions showed that the more gentle dispersion treatment of shaking the dust in water produced very few single fibres. The dust was in rounded aggregates or elongated bundles. Ultrasonic dispersion produced 115 x 106 fibres/,ug, whereas shaking in water produced 0-4 x 106 fibres/,ug. Wetting granules of sepiolite and lightly crushing them and then shaking them in water produced elongated fibrous bundles up to 8 ,um long; only occasional short single fibres were seen. Appreciable breakdown into fibrils required ultrasonic dispersion treatment.
Discussion
The results of a cross sectional study such as this, on the only available group of workers, must be interpreted with care; but fortunately the population has had a reasonable length of exposure-20 workers having been at this plant for 20 or more years.
On the basis of our analysis there is little reason to suspect any harmful effects in terms of chest radiographic appearances from inhalation of sepiolite. The major finding of this study is that lung function deteriorates more rapidly in those who have had more exposure to dust. The usually accepted normal annual decline in FEV1 and FVC is 0-03/1 .6 More recently Sherrill et al,7 using non-parametric regression techniques, have estimated that adjusted FEV1 deteriorated at a rate of 0-046 1/year in symptomless male smokers aged 48 years and over. Our finding of a deterioration of 0-049 1/year in male smokers in the group exposed to dry dust (average age 41 years) should be seen in this context. This effect on lung function is probably a reflection of previous dust concentrations rather than present ones. The cumulative dust exposure of this population is unlikely to be exceeded by future workers as measures have been taken to reduce dust concentrations.
There was no evidence of pleural plaque and no reported mesothelioma. On balance, mesothelioma seems unlikely to occur as there is no evidence of pleural disease related to length of exposure. The long latent period for mesothelioma that follows asbestos exposure, however, is well known. Previous unpublished radiological surveillances in 1979 and 1983 of a selected sample of workers from the same work force found no evidence of malignant disease. Burilkov and Michailova5 found endemic pleural plaque in a tobacco growing area of Bulgaria, where soil samples contained anthophyllite and tremolite as well as sepiolite. Baris et a19 conducted a radiological survey of 70% of the population of four Turkish villages where meerschaum, a solid form of sepiolite, is carved to make tourist souvenirs. Miniature chest radiographs failed to show any evidence of pleural disease but were not of sufficient quality for estimating parenchymal damage. One pleural mesothelioma was found, in a man who had also been exposed to tremolite. Standard radiographs were obtained from a further 63 meerschaum timmers, of whom 10 had evidence of parenchymal disease. In all cases there was another valid explanation, making it impossible to implicate meerschaum as the cause for these changes.
Fibre length is an important determinant of the biological effect of all fibrous materials. As yet there is no evidence of a safe threshold, but probably most damage is produced by fibres longer than 8 pm. Durability of the fibres is also considered important and a reproducible in vitro test of this is still sought.
The sepiolite plant we investigated is the largest in the world but difficulties arise because the subgroups of workers are small and no lung function and radiological data on the normal Spanish population are available for comparison.
This study has shown that extensive exposure results in a lowering of lung function but that this is not associated with any radiological change. Domestic users of, for example, cat litter would have a lifetime exposure roughly equal to that received in 20 days spent in the plant and are therefore unlikely to suffer lung damage.
